Background: There is increased use of early nasal continuous positive airway pressure (NCPAP) to manage respiratory distress in preterm infants but optimal methods and factors associated with successful wean are not well defined. A systematic review was performed to define the corrected gestational age (CGA), weight to wean NCPAP and the methods associated with successful weaning of the NCPAP among preterm infants, along with factors affecting it.
Introduction
W ith wider acceptance of the early use of nasal continuous positive airway pressure (NCPAP) for treatment of respiratory distress syndrome in preterm infants, the use of intubation and invasive ventilation has been significantly reduced. [1, 2] Early use of NCPAP has been extensively studied and has been associated with decreased incidence of signifi cant pulmonary [3] [4] [5] and non-pulmonary morbidities associated with invasive ventilation. [6, 7] NCPAP is not only safe due to its noninvasive nature, [8, 9] but it is also associated with lung growth. [10] There are certain risks which are associated with NCPAP, including nasal trauma, increased incidence of pneumothorax [11] and an unproven relationship with increased intraventricular ventricular hemorrhage (IVH). [12] There is a learning curve related to the process of administrating NCPAP, but the time is easily recovered by the lower cost of the NCPAP equipment and lower incidence of morbidities associated with invasive ventilation. [13] [14] [15] [16] [17] While CPAP use and benefits have been elucidated, weaning of NCPAP has not been as extensively investigated, and is associated with risks, especially when weaning is performed prematurely. These risk are due to atelectasis, apnea and bradycardia, leading to prolonged use of CPAP, or possibly intubations with mechanical ventilation and prolonged oxygen use. [17, 18] There are considerable variations in the timing and methods used for weaning of NCPAP. The weaning methods included sudden removal of NCPAP with or without oxygen supplementation, gradual increase in time off NCPAP, gradual reduction of pressure followed by removal of NCPAP, or a combination of these methods. [19] [20] [21] [22] [23] [24] [25] Surveys done among neonatologists identified a lack of consensus regarding the optimal method of weaning NCPAP. [25] Only 6% of responders followed set standards within their units, and the majority used a combination of various methods. The timing of optimal weaning method for the preterm infants was also variable, and was dependent on the subjective clinical judgment of the neonatologist, frequently implemented on an ad hoc basis, thereby identifying a need for development of evidence based practice. This review was therefore performed, to defi ne the optimal timing, methods and factors associated with successful wean from NCPAP in preterm neonates.
The objectives of this systematic review were to determine the corrected gestational age (CGA) and weight of preterm neonate at the successful wean and compare the methods used to wean off NCPAP. Further to define the criteria for NCPAP weaning success and failure, and factors that may affect it.
Methods
Literature search A systematic literature review was performed to identify studies conducted on NCPAP wean in preterm infants. PubMed was queried using the keywords-NCPAP, CPAP, weaning, withdrawal, preterm, and infants from its inception to January 1st, 2014, for studies in all languages but limited to humans. All reviewers evaluated the titles and abstracts yielded by our search to determine the articles that met the eligibility criteria. The authors also searched the reference section of each relevant article from the initial screening for additional relevant studies. Studies were chosen for based on the relevance of the article to our study questions. Given the heterogeneity and the relatively small number of studies that met the eligibility criteria, a decision was made not to perform meta-analysis of the eligible studies.
Eligibility criteria
The eligibility criteria used to identify the participants consisted of preterm infants who were born less than 37 weeks gestational age (GA) and were managed by use of NCPAP and its subsequent successful weaning
Risk of bias
Abdel-Hady 1998 [19] Singh 2006 [20] Soe 2006 [21] Rastogi 2011 [26] Abdel Hady 2011 [18] Todd 2012 [23] Rastogi 2013 [24] Blinding 10 studies [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] identified through PubMed database 10 studies included for screening (no duplicates were found) No additional records were identified 10 studies were screened 3 studies were excluded 1-De Paoli [17] -review paper 2-Jardine [25] -questionnaire review 3-Jardine [22] -review paper 7 articles [18] [19] [20] [21] 23, 24, 26] assessed for eligibility and included in the qualitative synthesis during their hospital course. The methods for weaning such as sudden discontinuation of NCPAP, gradual weaning of NCPAP by gradual increase in time off CPAP or gradual reduction of pressure were compared. The outcomes that were studied were the weight and CGA when the CPAP was successfully weaned off and the factors affecting its success. Further we defined the criteria for readiness of CPAP wean along with its success or failure of weaning from CPAP.
Study selection
We initially identified 10 studies which comprised of randomized controlled trials (RCT), retrospective study, questionnaire survey and review that assessed the weaning of NCPAP in preterm infants. Out of these, three [17, 22, 25] were excluded. Of which, 2 were reviews and a questionnaire. As the studies were few, publications in abstract form and those not restricted in English, were included ( Fig.) . [20, 21] Outcomes studied We abstracted the CGA and weight of preterm infants at successful weaning. Further, we defined the detailed criteria for readiness for weaning of NCPAP along with details of defining success and failure to wean. Various methods used to wean NCPAP were studied and compared with the purpose of studying if one was better and would lead to earlier successful weaning from NCPAP. Factors, both epidemiological and associated comorbidities, which affected weaning of NCPAP were also studied. We assessed the studies for bias regarding the blinding of randomization, intervention, outcome (Table 1) . No meta-analysis or further analysis was performed during this review.
Systematic review
World J Pediatr, Rastogi 2011 [26] 454 Retrospective chart review Babies who were born ≤32 wk Demographics-Younger (increased by 0.4 wk for every week decrease in GA) and smaller babies weaned late (increase by 0.2 wk for every 100 g decrease in BW). Gender and ethnicity had no effect on weaning Clinical data: intubation affected time and weight to weaning (no intubation: 32 wk/1580 g; for intubated: 35 wk/1869 g). Chorioamnionitis, anemia, GER, IVH were independent predictors for successful weaning in infants who were not intubated, time on NCPAP increased by 1.1 wk for chorioamnionitis, 1 wk for those who had anemia, 1.9 wk for those who had GER
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Results

Details of included search
The characteristics of 6 of the 7 studies [18] [19] [20] [21] 23, 24] included were RCT or Quasi-RCT that compared various strategies of NCPAP wean (Table 2 ). Todd et al [23] demonstrated sudden wean off NCPAP was better than gradual wean off NCPAP, but lacked a clear criteria or methodology used to define failure and success for weaning of NCPAP. Rastogi et al [24] did not show any difference between these two methods, although they had clear criteria for initiation of weaning, and for defining success of weaning from NCPAP. Abdel-Hady et al, [19] Singh et al [20] and Soe et al [21] showed that gradual pressure wean was better than sudden wean off NCPAP. A large retrospective study [26] was included in this review that defined the various demographic and clinical factors including antenatal and postnatal morbidities that affected weaning. We excluded a review by De Paoli, which briefly mentioned the problems associated but lacks any details of information regarding weaning of CPAP. [17] Another review included only 3 studies, two of which were abstracts. [22] Lastly, Jardine et al published a questionnaire article that discussed the current practice of withdrawal of CPAP in the preterm. [ 
25]
Outcomes
The results for the objectives of the systematic review were as follows.
CGA at successful wean
There is a significant relationship between the time to come off NCPAP and prematurity. [26] In a retrospective chart review, Rastogi et al [26] found that babies had a successful wean at CGA of 32.9±2.5 weeks. Similarly, Todd et al [23] found that when babies were weaned by sudden and complete removal of NCPAP, after predefined weaning criteria, they weaned earlier, at CGA of 31.9±0.1 weeks, than those weaned by cycling CPAP off. Rastogi et al [24] in a RCT showed that sudden wean was successful at CGA 33.8±2.6 weeks, as compared to gradual wean, which was successful at 33.7±2.8 weeks. Based on the above data, we summarize that optimal corrected GA for the successful wean is usually achieved at 32 to 33 weeks, and was inversely related to the GA.
Weight at successful wean
Rastogi et al [26] reported that babies weaned successfully when they reached average weight of 1611±432 g, with those more preterm weaning off later, after gaining more weight. Rastogi et al [24] in a RCT showed that when babies were successfully weaned from NCPAP suddenly and by gradual time off method at 1736±487 g and 1736±501 g, respectively. Based on this limited data, we conclude that successful wean is rare before a weight of 1600 g, and is inversely related to the GA.
Methods used to wean NCPAP
Abdel-Hady et al [20] were the first to report on discontinuation of NCPAP by reducing pressure in increments over 1 hour. The gradual pressure reduction over 1 hour before weaning showed that upon discontinuation, these neonates were on shorter duration on NCPAP, as compared to sudden weaning. Singh et al [20] compared decreasing pressure with increasing the time off CPAP, using oxygen or low flow nasal cannula, but the details of reduction of pressure were not reported. Soe et al [21] described in reduction of pressure in greater detail where the pressure was reduced by 1 cm H 2 O every 48 hours before discontinuation of NCPAP.
In the two RCT, Todd et al [23] and Rastogi et al [24] described the comparison between sudden and gradual graded time off NCPAP. Sudden wean meant removal of NCPAP completely at once after predefined stability criteria were met. In gradual graded time off, the time on NCPAP was gradually decreased with increasing in time off NCPAP before removing the NCPAP completely. Todd et al [23] found sudden removal decreased time on NCPAP, while Rastogi et al did not find a difference between the 2 methods. Abdel-Hady et al [18] used the weaning method of sudden removal of NCPAP to room air or to oxygen by nasal cannula. Latter method was associated with increased time to completely wean off NCPAP and increased time on oxygen.
Three methods to wean NCPAP have been used, though their exact details varied with the studies. 1) Sudden wean: NCPAP is taken off completely after meeting predefined stability criteria; [24, 25] 2) Gradual wean by gradual increase in time off NCPAP: After meeting the stability criteria, weaning off of NCPAP for different lengths of duration have been used. In one of the studies, NCPAP was cycled 3 hours off alternating with 3 hours on for 48 hours, if tolerated, NCPAP was kept off for 6 hours and on for 3 hours for the next 48 hours, if tolerated then, NCPAP is discontinued after the 48 hours. [24] Todd et al [23] used a total of 24 hours to wean NCPAP off with gradually increasing time off NCPAP; 3) Gradual wean by gradual reduction of pressure: There is variation in the rate and the amount of pressure reduction. It has been usually described over 1-2 days before completely weaning off NCPAP. One of the methods was to reduce pressure after the neonate was on 5 cm H 2 O for 8 hours, then to 4 cm for 8 hours to 3 cm for 8 hours before removing the NCPAP. Others such as Soe et al [21] completed weaning over 48 hours and Todd et al [23] over 24 hours. Based on these studies, the optimal method of
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World J Pediatr, Vol 11 No 1 . February 15, 2015 . www.wjpch.com weaning for most neonates is still not known. The sudden wean method has been shown to have a successful outcome in terms of shorter weaning period, shorter duration of CPAP, decreased length of hospital stay and lower incidence of broncho pulmonary dysplasia compared to gradual graded time off method but the neonate needs to meet the pre-defined criteria for readiness to wean. [18, 23] Rastogi et al [24] reported that there was no signifi cant difference between the sudden weaning and gradually increasing time off NCPAP. This difference could explain the differences in the length of gradual graded time off NCPAP protocol used by these authors. [23, 24] Defining the timing to initiate NCPAP wean Criteria used in various studies [23, 24] to define respiratory stability before considering weaning were described and used by Todd et al [23] and Rastogi et al [24] ( Table 3) . Studies by Abdel-Hady et al, [19] Singh et al [20] and Soe et al, [21] where these criteria were not as well defined or comprised of very few clinical indicators. Predefined criteria to initiate NCPAP wean reduces variation and may decrease time on NCPAP. Utilization of criteria for identification for readiness for NCPAP wean is important, since premature weaning not only leads to failure, but may prolong the time on CPAP and oxygen due to undue stress caused by increased work of breathing due to premature wean.
Definition of successful CPAP wean
We found variability in the definition of successful wean off NCPAP including the time post NCPAP wean to be considered a successful wean, that were used in the studies included in this review. The average time taken to wean off from NCPAP varied from 1-7 days depending on the definition of the success used in different studies. [4] [5] [6] Rastogi et al [24] have defined a successful wean off NCPAP most stringently, with the infant being stable on room air for 7 days with absence of persistent tachypnea, marked retractions, apneic episodes, on room air without any respiratory support or supplemental oxygen for 7 days.
Definition of NCPAP weaning failure
Criteria used for defining failure of wean have been adopted from Todd et al and Rastogi et al [23, 24] ( Table 4 ). There is variability not only in the criteria but also the timing for which they should be observed before considerable successful wean, which varied from 1 to 7 days. Although data is limited, longer duration of observation before claiming success may be important as many of the infants after coming off NCPAP fail beyond 1-2 days when there is loss of their lung volumes.
The following should be present up to 7 d after weaning: Increased work of breathing: persistent tachypnea (>60 for >2 h) and marked retractions; Apnea (cessation of respiration >20 sec) associated with bradycardia or cyanosis with >2 episodes in 12 h or >3 in 24 h with at least one requiring bag and mask ventilation; Increased O2 requirement >0.21 to maintain the oxygen saturations >90%; Abnormal blood gases (2 arterial samples >2 h apart) with low pH <7.2, PaCO2 >65 mmHg, PaO2 <50 mmHg. Attempts needed to successful NCPAP wean Success of NCPAP wean at the first attempt varied from 20% to 60%, usually effective in about 40% of the infants, with number of trials ranging between 1 to 7 attempts, with a median of 2 attempts before successful NCPAP wean. [24] It took 11.3±0.8 days for NCPAP weaned off using the sudden method, as compared to 16.8±1.0 days when weaned using gradual time off. [25] Though this has not been confirmed by other authors. [24] Factors affecting NCPAP wean Earlier studies showed that comorbidities such as IVH, retinopathy of prematurity, bronchopulmonary dysplasia (BPD) and periventricular leukomalacia did not significantly affect the success of NCPAP wean. [19] Rastogi et al [26] in a retrospective study, discussed the (Table 5) . Non-modifi able or demographic factors: While birth weight and GA were inversely related to the duration of NCPAP, ethnicity and gender were not related to the successful weaning of NCPAP. Modifiable factors or comorbidities: intubation, chorioamnionitis, anemia, gastro-esophageal refl ux disease, apnea, IVH and sepsis are associated with duration on NCPAP while antenatal steroids, magnesium sulfate use, intra uterine growth restriction and BPD were not. Recently, Broom et al [27] observed that sudden weaning not only decreased the weaning duration but also did not affect the weight gain, time to full feeds and time to stop caffeine.
Discussion
From the present literature, we conclude that criteria for readiness for NCPAP wean is usually when neonates attain a CGA of 32 to 33 weeks and weight of 1600 g. The available methods of weaning include sudden wean, gradually increase in time off NCPAP or gradually decrease in NCPAP pressure. The strength of this review paper is the detailed assessment of the stability criteria for initiation of weaning, methods of weaning and detailed definition of success and failure of NCPAP weaning. Further, it details the various methods used to wean off NCPAP. It also highlights modifiable factors which may influence NCPAP wean, correction of which may increase the success and decrease time to wean off NCPAP. Therefore, this information may be useful for developing guidelines for clinical care of the preterm infants and for planning future studies investigating NCPAP wean among preterm infants.
One of the limitations of this review is the paucity of available studies on NCPAP wean. As a result, we included abstracts which had described and compared weaning methods. Despite their inclusion, optimal method of NCPAP weaning in preterm infants is still not well defined. Also due to small number of studies and variability in methods used for weaning further statistical analysis or meta-analysis was not possible. Other limitations include the bias of the medical provider and inability to blind to the method used for weaning. There are variations in both methods of weaning for graded time off or pressure decrease to wean off NCPAP that precludes direct comparisons between the studies. The factors affecting weaning also need to be further validated from multicenter data as nuances of single center can infl uence the results which might not only be related to a single intervention. The effect of caffeine on NCPAP weaning is a still largely unknown. [24, 26] Schmidt et al [28] have shown decreased incidence of apnea and BPD in preterm neonates and increased use of caffeine may be related to decrease in time to wean off NCPAP. Furthermore, anemia and gastro-esophageal reflux disease significantly increase the time to wean NCPAP, [24, 26] corrective interventions might decrease the time and needs to be studied further.
However, the paucity of studies on optimal timing and method of weaning highlights the need for future RCT to perform direct comparisons of these methods. In summary, future studies are needed to study and confi rm the criteria for readiness for weaning, defi ning successful and failure to wean NCPAP. To compare and contrast the methods used for weaning and defi ning any modifiable factors correction of which would lead to earlier successful weaning from NCPAP.
Conclusions
The successful wean occurs at CGA of 32 to 33 weeks and weight of 1600 g. Criteria for readiness, success and failure from weaning are well defined. There is no one method is consistently associated with earlier weaning though one large multicenter weaning trial demonstrated sudden weaning may be associated with a shorter weaning time. There are factors that affect successful weaning are intubation, anemia, infection and gastroesophageal reflux, presence of which are associated with prolonged time from weaning.
